The ZmHoxla and ZmHoxlb (forzea mays Mmeobox) genes map on chromosomes 8 and 6, respectively. 60th homeobox genes encode proteins that show 91 9' 0 similarity and are transcribed simultaneously in meristematic and proliferating cells of the maize plant. To gain insight into the biological function of these genes, both open reading frames were expressed in tobacco, under the control of the cauliflower mosaic virus 35s promoter. The resulting transgenic ZmHoxla or ZmHoxlb plants showed identical phenotypic alterations that fall into three classes: size reduction, formation of adventitious shoots, and homeotic floral transformations. Approximately 30% of the ZmHoxl-expressing plants grew to only one-third of the wild-type size, and most axillary buds gave rise to lateral shoots. Flower abnormalities included formation of petaloid stamens and development of secondary flowers within the primary gynoecium. Therefore, the ectopic expression of the maize ZmHoxl homeobox gene products affects the vegetative as well as the reproductive phase of tobacco plants. All phenotypic alterations were transmitted to the next generation.
INTRODUCTION
Many genes known to be involved in pattern formation in multicellular eukaryotes share a conserved 183-bp nucleotide sequence known as the homeobox, which encodes the 61-amino acid DNA binding homeodomain. This DNA binding property suggests that homeodomain proteins function as transcription factors in controlling downstream target genes (for review, see Scott et al., 1989) . Plant homeobox genes were first cloned independently from maize (Vollbrecht et al., 1991; Bellmann and Werr, 1992) and Arabidopsis (Ruberti et al., 1991 ; Schena and Davis, 1992) . Most Arabidopsis genes encode a leucine zipper motif together with a homeodomain, indicating that they form homodimers or heterodimers. The first plant homeobox gene isolated from maize, KNOTTED7 (KN7; Vollbrecht et al., 1991) , provided evidence that this class of putative transcription factors contributes to developmental decisions in plants, as it does in the animal kingdom. Mutations of KN7 result in distorted leaf development in maize, and ectopic expression of the KN7 gene product in transgenic tobacco causes the formation of meristems on differentiated leaves and cotyledons. The transgenic phenotype can be interpreted as a switch from determinate to indeterminate cell fates (Sinha et al., 1993) . Recently, the Arabidopsis GLABRAP To whom correspondence should be addressed. gene has also been identified as a homeobox gene. Its expression marks epidermal progenitor cells that will differentiate into trichomes (Rerie et al., 1994) . Therefore, this gene has features reminiscent of the selector gene activity frequently associated with homeobox genes in Drosophila development.
The homeobox genes discussed above were isolated by transposon or T-DNA tagging or based on sequence similarity. In contrast, the ZmHoxla (for Zea mays Mmeobox) gene was identified in an expression screen of a Xgtll cDNA library. The binding of the ZmHoxla gene product to the SHRUNKEN feedback control element confirmed that plant homeodomains are DNA binding motifs (Bellmann and Werr, 1992) . Like KN7, the ZmHoxla homeobox gene belongs to a gene family with 10 to 15 members (Korfhage, 1993; Vollbrecht et al., 1993) . In all phases of the maize life cycle, transcript accumulation of ZmHox7a and other genes of the ZmHox family is strictly confined to meristems and the highly proliferative cells that originate from them (Klinge and Werr, 1995) . Interestingly, as in the case of KN7, severa1 ZmHox transcripts have been detected at elevated levels in immature staminate and pistillate maize inflorescences (Jackson et al., 1994; Klinge and Werr, 1995) . However, the contribution of homeobox genes to floral development has still to be established.
The development of the flower is one of the best understood chapters in the plant life cycle. Genetic and molecular analyses of floral homeotic mutations performed in Antirrhinum and Arabidopsis have given rise to a combinatorial model to explain, how the identities of sepals, petals, stamens, and carpels are determined (Schwarz-Sommer et al., 1990; Coen and Meyerowitz, 1991; Weigel and Meyerowitz, 1994) . According to this ABC model, the identities of the four floral whorls are defined by three groups of genes whose expression domains overlap in adjacent whorls. The activity of group A genes defines the formation of sepals, whereas the activity of group C genes determines carpel development. The activity of group B genes in combination with those of group A and group C genes result in the formation of petals and stamens, respectively.
Most of the cloned organ identity genes from both model species belong to the family of transcription factors characterized by the MADS box, a basic DNA binding motif that differs from the homeodomain (Schwarz-Sommer et al., 1990 ). The ABC model elegantly predicts phenotypes of single or double mutants and the outcome of ectopic gene expression experiments with transgenic plants and is compatible with much molecular data. However, the expression profile of APEMLA2 in Arabidopsis flowers, the phenotype of the bell mutant, and the homeotic transformations of single floral whorls observed in petunia indicate that the regulatory interactions are more complex (van der Krol et al., 1993; Jofuku et al., 1994; Ray et al., 1994) . Data from yeast and human systems provide evidente that some MADS box proteins act in concert with homeodomain proteins. In yeast, for example, direct interaction between MCM1, a MADS box protein, and the homeodomain protein MATa is required to establish the mating type (Jarvis et al., 1989) ; a similar interaction has been shown for the human serum response factor and Phoxl proteins (Grueneberg et al., 1992) .
In this study, the ectopic expression experiments with the maize ZmHoxla and ZmHoxlb genes in transgenic tobacco provide evidence that these two maize homeobox gene products not only affect the development of the vegetative plant body but also alter the floral developmental program. Both find- 
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RESULTS
Sequence and Chromosomal Position of the ZmHoxlb Gene
The ZmHoxlb gene is a close relative of ZmHoxIa and was discovered in a screen for full-length ZmHoxIa clones (Bellmann and Werr, 1992) . The sequence similarity between both genes extends over the entire transcription unit. In the protein-coding region, the degree of DNA sequence identity between ZmHoxIa and ZmHoxlb is 91%; in the 5' and 3' untranslated regions, the genes diverge due to multiple small deletions or insertions. The deduced ZmHoxIa and ZmHoxlb polypeptide sequences are compared in Figure 1A . The sequence of the ZmHoxlb cDNA has EMBL accession number X92428. As a result of a single base pair deletion, the ZmHoxlb open reading frame (689 amino acids) terminates prematurely compared with the ZmHoxIa polypeptide (714 amino acids). At the amino acid level, the two homeobox gene products exhibit 87% identity and 91% similarity. Allelism between the two ZmHoxl genes is excluded by their chromosomal positions ( Figure 1B ) confirmed in restriction fragment length polymorphism mapping experiments. ZmHoxlb maps to the long arm of chromosome 6 (6L118), whereas ZmHoxIa has previously been localized at position 8L017. Both ZmHoxl genes map within larger chromosomal regions, which were duplicated during evolution of the maize genome (Helentjaris et al., 1988) . Whereas ZmHoxIa is unlinked to known developmental mutations, ZmHoxlb maps proximal to the position of tangledl, a mutation altering cell growth, cell shape, and division patterns throughout the development of the maize plant (Smith et al., 1996) .
The Two ZmHoxl Genes Exhibit Very Similar Transcription Profiles
Single-stranded DNA probes of the gene-specific 3' untranslated regions were used for comparison of ZmHoxl transcription in RNA gel blot experiments. The results of ZmHoxIa and ZmHoxlb probe hybridization analysis are shown in Figures  2A and 2B . Obviously, both gene transcripts accumulate at comparable levels in most tissues from embryonic to adult stages and exhibit only minor quantitative differences. However, ZmHoxlb gene activity remains low in older leaves, whereas the relative amount of ZmHoxIa mRNA is higher in the plumule and the coleoptilar node. Steady state transcript levels of both genes declined with leaf age. These variations probably reflect differences in timing rather than in tissue specificity, an interpretation that is supported by in situ hybridization Abbe and Stein (1954) . Both transcripts are 3 kb long. Because the same filters were hybridized successively with single-stranded 3' untranslated region probes, the relative differences in transcript levels observed in individual tissues are independent of variations in RNA preparations. The major difference observed between ZmHoxIa and ZmHoxlb in adult leaves led to the comparison of transcript levels in individual developing leaves of young maize seedlings (gels at right). The length of the youngest isolated leaf (number 4) was <1 cm; younger leaf primordia remained associated with the plumule. (Klinge and Werr, 1995) .
Ectopic Expression of the ZmHoxIa and ZmHoxlb
Coding Sequences in Tobacco
To analyze the biological functions of both ZmHoxl genes, each open reading frame was expressed ectopically in transgenic tobacco. Possible post-transcriptional effects were minimized by removal of the 3' and 5' untranslated regions. The complete coding sequences were inserted into a modified pRT100 expression cassette (Topfer et al., 1987) downstream of the cauliflower mosaic virus (CaMV) 35S promoter and the tobacco mosaic virus Q leader (Gallie et al., 1987 (Gallie et al., , 1989 . The sense and control antisense constructs were introduced into tobacco (cv Samsun NN) via Agrobacterium-mediated gene transfer. Of 137 independent transgenic Zmhoxlb plants selected for methotrexate resistance, 40 were analyzed by DNA gel blot experiments, and each contained up to six integrated copies of the transgene. AI142 regenerated ZmHoxla plants selected for kanamycin resistance were subjected to DNA gel blot analysis. Presumably due to the higher stringency of the methotrexate selection, the average number of T-DNA insertions in the ZmHoxlb regenerants was higher than in the ZmHoxla-transformed plants (two or three copies; data not shown). Thirty control plants carrying antisense ZmHoxla or ZmHoxlb constructs and 20 plants transformed with the corresponding empty binary p G P N cassette (Becker et al., 1992) were regenerated. None of these control plants exhibited the phenotypic alterations described for the sense transgenics; all had completely normal morphology. The phenotypic changes observed after ectopic expression of the ZmHoxla and ZhHoxlb genes were indistinguishable and are schematically drawn in Figures Figures 4E and 4F) . Interestingly, the homeotically transformed organs exhibit an inversion of dorsiventral asymmetry. In the second whorl petals, the trichomes are confined to the abaxial surface but are restricted to the adaxial side in the homeotic appendages carried by the ZmHoxl transgenic stamens. In addition to petaloid characteristics, transgenic ZmHOxl stamens also often carry a Small cap of stigmatic tissue ( Figure 4F ), a phenotype also found in the APfTALA2 mutant of Arabidopsis (Jofuku et al., 1994) or the puzzle box line of tobacco (Trull and Malmberg, 1994) .
In filowers with moderate to severe third whorl phenotypes, carpel development is also altered ( Figure 5 ). The tobacco gynoecium is composed of two fused carpels delineated by the seam that divides the wild-type stigma into equal halves. Most transgenic ZmHoxl flowers show a hooked style with the stigmatic seam shifted to the periphery. This indicates unsynchronized growth of the two carpels ( Figures 5A and 5B), which is often accompanied by incomplete fusion. Additional alterations of the fourth whorl are hidden inside the three outermost floral organs. In transgenic ZmHoxl gynoecia, the two ovarian locules do not develop close to the receptacle, as they do in wild-type plants, but are shifted toward the style (compare Figures 5C and 5D ). The displaced locules were generally associated with a smaller ovary size, lower ovule number, and reduced fertility. Dueto the male sterility of the petaloid stamens and female sterility caused by the altered carpel development, plands showing the strongest floral phenotypes (28 ZmHoxlb and 10 ZmHox7a plants) could not be sexually propagated. plants) could not be sexually propagated.
Seyeral plants exhibiting flowers with extreme third whorl alterations, for example, five strongly petaloid and partially fused stamens, initiated a new flower within the first flower gynoecium ( Figures 5E and 5F ). Either this secondary flower was completely encapsulated by the primary carpel or its development coincided with an incompletefusion of the two carpels composing the primary pistil. The interna1 flowers lacked sepals but developed morphologically normal petals and stamens, whereas the fusion of the secondary carpels was incomplete. The flower-inside-the-flower phenotype was observed in seven ZmHoxlb and two ZmHoxla primary regenerants that, unfortunately, were male and female sterile.
Alterations in the Vegetative Plant Body
Besides the floral alterations, transgenic ZmHoxla and ZmHoxlb tobacco plants showed morphological changes in vegetative development ( Figure 6 ). The majority of them (85 ZmHoxlb and 24 ZmHoxla primary regenerants) were reduced in size compared with wild-type tobacco (cv Sawsun NN) plants. Moderately affected plants reached two-thirds of normal size, whejeas severely affected plants never attained one-third of the wild-type size. The data for the whole population are given in Fi;gure 3C; representative plants are shown in Figures 6A to 6C. The size reduction coincides with a reduced number of early phytomers carrying heart-shaped leaves. Although wild-type plants exhibit >10 of such early phytomers, ZmHox7-transformed plants showed only four to five. The majority of leaves of ZmHoxl plants resembled the elongated, lanceolate leaves normally restricted to the upper third of the vegetative plant body and the inflorescence.
About half of the plants expressing ZmHox7 gene products grew additional lateral shoots (compare Figures 6D and 6E) . Side shoots developed either from a few (moderate phenotype) or from all (severe phenotype) axillary buds. The moderate branching pattern was observed in 55 (400/0) ZmHoxlb and 17 (40%) ZmHoxla plants and is prevalent in plants between one-third and two-thirds of the wild-type size (see numbers in Figure 3C ). In this branching category, adventitious shoots are restricted to the uppermost third of the vegetative phytomers. In contrast, transgenic plants of less than one-third of the wildtype size predominantly show the bushy phenotype with every axillary bud developing into a side shoot (see Figure 6D ). However, irrespective of the total number of lateral shoots or the plant size, the upper lateral shoots carrying secondary inflorescences overgrow the primary shoot ( Figure 6B ) in the ZmHoxl-transformed plants. Both bushiness and overgrowth of the primary axis may indicate that apical dominance is affected by the expression of the heterologous ZmHox7a or ZmHoxlb gene product.
Although floral and vegetative alterations observed in ZmHoxl-transformed plants affect different phases of the tobacco life cycle, the severities of both types of phenotypes can be correlated. For example, none of the 28 ZmHoxlb plants less than one-third of the wild-type size developed normal flowers; all showed severe floral alterations and the bushy growth pattern (see Figure 3) . The correlation observed between size reduction, increase in branching, and severity of homeotic floral transformations is highly significant by the x2 test (P < 0.001).
Expression of the Chimeric Transgenes and lnheritance of Phenotypes Severa1 attempts were made to correlate the expression levels of the chimeric ZmHoxl genes with the severity of the phenotypes shown by individual plants. First, leaf material of 40 ZmHoxlb plants was tested in RNA gel blot experiments. Subsequently, flowers of an 18-plant subpopulation were also analyzed for the amount of ZmHoxlb transcript. The selected plants constitute a representative collection of weak to strong vegetative and floral alterations, and flowers and leaves were collected at comparable developmental stages. Although the chimeric transcripts were easily detected in leaves and flowers of all plants, no correlation was observed between the amount of ZmHoxlb transcript and the severity of vegetative or floral phenotype (data not shown). Four plants showing phenotypic alterations ranging from weak to strong and exhibiting nearly the same expression levels in leaves and flowers ( Figure 7A ) were used to confirm the translation of the chimeric ZmHox7 mRNA in protein gel blot experiments ( Figure 7B ). The antiserum exclusively recognizes both ZmHoxl gene products in maize (Bellmann and Werr, 1992) and easily detected the foreign ZmHoxlb protein in nuclear extracts of the transgenic tobacco plants; nuclei of wild-type tobacco plants were free of cross-reacting polypeptides (data not shown). Therefore, the introduced chimeric ZmHoxl transgenes are transcribed, and the mRNA is translated into proteins that accumulate in the tobacco nuclei.
Because primary regenerants with the most severe alterations were male and female sterile, the transmission of phenotypes to the next generation was tested with transgenic ZmHoxT-transformed plants exhibiting only moderate abnormalities. In total, progeny of 31 selfed primary transformants (R 0 plants) were subjected to this analysis. Seeds were selected for either methotrexate or kanamycin resistance, and 12 to 18 R, progeny in each family were grown to maturity. Petaloid stamens were frequently observed in 21 families. Phenotypic variability resembled that of the primary regenerants, ranging from single stamens carrying small petaloid appendages to corolla-like structures with five transformed and partially fused stamens. The flower-inside-the-flower phenotype was observed in four individual R, plants from different families. As in primary transformants, the R, progeny with severe floral alterations were male and female sterile. The size reduction and the bushy phenotype were found in 14 and 11 families, respectively. Most of these small plants carried two to five additional side shoots and developed inflorescences overgrowing the primary axis. Eight R, plants in three different families grew adventitious shoots from every axillary bud and attained <50°/o of the wild-type size. DMA gel blot analysis was performed with five R, families and showed segregation of the parental transgene copies. Figure 8A demonstrates the segregation pattern in the 1.32a family, which was also subjected to RNA gel blot analysis ( Figure 8B ). The autoradiograph indicates that the severity of the phenotype in the RI generation is unlinked to the steady state expression level of the transgene. Moreover, several transgenic plants with obvious phenotypic alterations showed no detectable ZmHoxl transcripts in their leaves.
DISCUSSION
The ectopic expression experiments described here provide evidence that the products of the two maize homeobox genes (Kempin et al., 1995) . However, severa1 crosses between transgenic ZmHoxla and ZmHoxlb RI progeny provided no evidence for nonadditivity of phenotypes (data not shown). Therefore, to demonstrate or conclusively exclude functional redundancy of the ZmHoxla and ZmHoxlb genes, loss-of-function mutations have to be created at both loci.
The ZmHoxla cDNA was originally isolated in a phage lgtll expressional screen in which phage-encoded polypeptides were probed with a DNA fragment of the feedback control element of the SHRUNKENl promoter. DNase I footprinting expriments subsequently confirmed that the ZmHoxla homeodomain recognizes in vitro three sites flanking the TATA box (Bellmann and Werr, 1992) . The data described here provide good evidence that the ZmHoxla gene and its close relative ZmHoxlb contribute to developmental decisions but do not exclude the SHRUNKENl gene as an in vivo target. On the contrary, the transcription of both ZmHoxl genes in meristems and proliferative cells in the maize plant (Klinge and Werr, 1995) is still compatible with the function of the SHRUNKENl gene The most intriguing results obtained in the ZmHoxla-or ZmHoxlb-transformed tobacco plants are the pleiotropic effects on the vegetative plant body and on floral development. This clearly contrasts with data from ectopic expression experiments performed with the floral organ identity genes AGAMOUS and PLENA, which affect flower development but leave the plant body unchanged (Mizukami and Ma, 1992; Bradley et al., 1993) . Conversely, transgenic tobacco plants overexpressing the KN1 maize homeobox gene product exhibit striking alterations in the vegetative plant body but only minor effects in the floral organs (Sinha et al., 1993) . Ectopic expression of the AGAMOUS, PLENA, or KN1 gene products therefore shows a high degree of selectivity, in contrast to the pleiotropic effects observed in the ZmHoxl-transformed plants, where severity of the vegetative phenotypes-size reduction and bushiness-is highly correlated with the degree of disruption of floral development.
The different phenotypic alterations observed in primary transformants were transmitted to subsequent generations and segregated with the respective ZmHoxl transgene. In neither RO nor R1 plants was the phenotype quantitatively correlated with the transcript level in leaves or flowers. One explanation for this discrepancy could be the time difference between the developmental decision affected by the ZmHoxl transgene and the collection of the plant tissue for RNA preparation. The RNA levels measured in RNA gel blot experiments may not reflect the expression level in the organizing meristem, where the ZmHoxl gene products exert their primary function.
In part, this problem may be related to the CaMV 35s promoter. This promoter is active in plant meristems (Larkin et al., 1994) but exhibits subtle activity differences due to its modular structure (Benfey and Chua, 1990) . Recently, Halfter et al. (1994) showed that the 35s promoter is silent in early sepal primordia in petunia but activated later in development. This asynchrony between the development of sepal primordia and the activity of the CaMV 355 promoter explains the partia1 transformation to petaloid organs in transgenic green pefal petunia flowers. However, the 35s promoter should be highly active in tobacco leaves; nevertheless, ZmHoxlb mRNA was apparently absent from leaves of some transgenic R1 plants exhibiting striking phenotypic alterations. We take this discrepancy as an indication that the chimeric transgene can be silenced during development of the individual plant; this may involve post-transcriptional regulation, methylation, or cosuppression.
Changes in the Tobacco Flower
Transgenic ZmHoxl flowers show similarity with mutants that have lost the C function of floral organ identity genes, for example, the agamous mutant of Arabidopsis. In agamous flowers, the stamens are homeotically transformed into petals, and the gynoecium is replaced by another agamous-type flower (Meyerowitz et al., 1989) . This is reminiscent of the petaloid stamens of ZmHoxl flowers and the development of the sec-ondary flower, indicating incomplete termination of the floral meristem. In contrast with agamous mutants, in which the entire gynoecium is replaced by a new agamous flower, the transgenic ZmHoxl flowers develop carpels enclosing this secondary flower. Only a few ZmHoxl-transformed plants show this flower-within-a-flower phenotype. The majority exhibit other abnormalities in carpel development. The bent style, the displaced stigmatic seam, and the incomplete fusion indicate asynchrony in the growth of the two carpel primordia composing the tobacco gynoecium. The locules are displaced, and this coincides with a reduction in ovary size and ovule number. The independent development of carpels and internal organs is consistent with the bell mutant phenotype of Arabidopsis, in which ovule integuments are transformed into carpels (Ray et al., 1994) .
Development of carpels and loss of ovules and placenta have also been observed after ectopic expression of the floral binding protein 2 gene in petunia (Angenent et al., 1994) . Both groups discuss these data in terms of a fifth floral whorl that develops internally and independently of carpels; this is compatible with the ZmHoxl results in transgenic tobacco. Currently, it is unclear how the ZmHoxl gene products affect floral development. One possibility involves alterations in levels or expression domains of the organ identity genes or protein-protein interactions between homeodomain and MADS box proteins (Grueneberg et al., 1992) . Compatible with both alternatives is the transcription of ZmHoxl genes in the inflorescence and early floral meristems of the maize plant (Klinge and Werr, 1995) .
Some of the alterations in transgenic ZmHoxl flowers resemble phenotypes associated with the single terminal flower of the tobacco puzzle box mutant (Trull and Malmberg, 1994) . These features include the petaloid character of stamen and the development of additional internal floral organs within the fourth whorl. In contrast to the puzzle box flower, the pistil of the transgenic ZmHoxl flower looks morphologically normal from the outside and replaces the sepals of the secondary flower. Also, the number of organs within each whorl is unchanged in transgenic ZmHoxl flowers, but the coincidence of floral and vegetative alterations, for example, the reduction in plant size, is again reminiscent of the puzzle box mutant.
Alterations of the Vegetative Plant Body Resemble Effects of Plant Hormones
The majority of transgenic ZmHoxla and ZmHoxlb plants are small and grow axillary shoots. These additional lateral shoots often overgrow the primary axis, indicating reduced apical dominance. Similar phenotypes have been observed in plants with low auxin levels (Romano et al., 1991) and in transgenic tobacco with artificially increased cytokinin concentrations (Medford et al., 1989) . However, additional phenotypes associated with altered auxinkytokinin ratios, such as reduced rooting or the inhibition of vascular differentiation, have not been observed in the transgenic ZmHoxl plants.
The small size of ZmHoxl-tranformed plants resembles a phenotype in transgenic tobacco plants expressing the K N l gene product (Sinha et ai., 1993) . At high levels, the KNI maize homeobox gene product reduces the elongation of internodes, leading to plants comparable in size to the smallest ZmHoxltransformed plants. However, in moderately affected ZmHoxItransformed plants, the size reduction is not caused by shorter internodes but is due to the reduced number of vegetative phytomers. The number of heart-shaped early leaves is reduced from 10 to 12 in wild-type tobacco to four to six in ZmHoxl-transformed plants, whereas the number of older lanceolate leaves remains constant. Because leaf shape is one of the most conspicuous markers for juvenile or adult phases of vegetative shoot development, the expression of the ZmHoxl homeobox gene products may selectively shorten the juvenile phase of the tobacco life cycle. Again, plant hormones such as abscisic acid and gibberellins have heen proposed to play a central role in this juvenile-adult phase transition (Poethig, 1990) .
The assumption that the pleiotropic alterations observed in transgenic ZmHoxl plants may be related to phytohormone imbalances gains further support by comparison with plants ectopically expressing the rolC gene of Agrobacterium rhizogenes (Schmülling et al., 1988) . The mlC gene product encodes an enzyme that hydrolyzes cytokinin glycosides, and its expression under the control of the CaMV 35s promoter results in bushy, dwarfed tobacco plants with an increased number of lanceolate leaves. The pleiotropic effects seen in rolCtransformed plants are mainly due to a change in the ratio of free to conjugated forms of cytokinins (Estruch et al., 1991b) , but the dwarfism is correlated with a 28 to 60% reduction in gibberellic acid AI concentration in apical shoots (Schmülling et al., 1993) . Therefore, specific alterations in one class of phytohormones are clearly accompanied by changes in other groups of plant growth substances. Interestingly, the alterations in cytokinin levels also affect floral initiation and floral organ identity. Estruch et al. (1991a) showed that plants with increased cytokinin levels develop adventitious buds on leaves that develop into both normal and abnormal flowers (Estruch et al., 1993) . The abnormal flowers are characterized by homeotic transformations andlor organ fusion. Therefore, the vegetative and floral phenotypes observed in transgenic ZmHoxl plants might both be explained by assuming that the maize gene products either alter phytohormone concentrations or are involved in hormonal perception by plant cells.
In conclusion, the experiments described here indicate that the ZmHoxla and ZmHoxlb genes ar@ expressed in similar patterns during maize development and that CaMV 35s-driven expression of both gene products in transgenic tobacco alters development in similar ways during multiple phases of the tobacco life cycle. The phenotypic alterations seen in the vegetative tobacco tissues direct future experiments toward phytohormone signaling, whereas the floral changes indicate that overexpression of maize homeodomain proteins can alter flower development of tobacco. In future experiments, it in 5Oo/ o formamide, 6 x SSPE (1 x SSPE is 1 mM EDTA, 10 mM NaH2P04, 150 mM NaCI, pH 7.0), 5 x Denhardt's solution (1 x Denwill be interesting to address whether the identical phenotypes observed in tobacco indicate that the two members of the hardt's SOl Uti On iS 0.02% 6M, 0.02°/0 Ficoll 400, 0.02% PVP), 05O/ o SDS, and 250 mglmL of calf thymus DNA. Washing was performed at 68OC in 0.2 x SSPE and 0.1% SDS. Single-stranded DNA probes derived from the gene-specific 3' untranslated region subcloned in pGEMllz(f+) were used for the RNAgel blot analysis in maize, whereas probes labeled by random oligonucleotide priming were sufficient to visualize the chimeric transcripts in transgenic tobacco. For expression of the maize ZmHoxla and ZmHoxlb coding sequences, the pRTlOO vector (Topfer et ar., 1987) was modified by replacing most of the polylinker region (Apal to Smal) by inserting the 67-bp tobacco mosaic virus t2 leader sequence (Gallie et al., 1987 (Gallie et al., , 1989 in front of a unique Notl restriction site. To remove the 5' and 3'untranslated sequences, the 2142-bp protein coding region of ZmHoxla was amplified by polymerase chain reaction, whereas the Zt??kfOXlb reading frame could be released as a 2181-bp Accl fragment. The polymerase chain reaction product (ZmHoxla) and the isolated ZmHoxlb fragment were checked by sequence analysis, using specific primers. The chimeric genes were iigated into the Smal site of the binary vector pGPN (Becker et al., 1992) and used for transformation of agrobacterium strain LBA4404. Leaf disc transformation of tobacco (cv Samsun NN) was performed according to Horsch et al. (1985) ; selection was performed with 100 mglmL of kanamycin or 250 pg/mL of methotrexate. Plants were regenerated in a growth chamber with a 16-hr-light/8-hr-dark cyde at 24OC and transferred to the greenhouse after rooting.
ZmHox7
Protein Extractlon and Proteln Gel Blot Analysls
Nuclear protein extracts of tobacco leaves were prepared according to Nelson et al. (1994) . The protein concentration was determined as described by Bradford (1976) . Nuclear proteins (10 mg) were separated on 8% SDS-polyacrylamide gels (29:l) and transferred to nitrocellutose by electroblotting. Transfer efficiency and loading were monitored by Ponceau S staining. The immunostaining was performed with the ZmHoxla antiserum (Bellmann and Werr, 1992 ) at a,l:4000 dilution for 60 min, and specific complexes were visualized with horseradish peroxidase coupled to the IgG secondary antibody and the enhanced chemiluminescence system (ECL; Amersham).
RNA Preparation and RNA Gel Blot Analysls
Total RNA from tobacco leaves or flowers and different maize organs was extracted as described by Chomczynski and Sacchi (1987) , and the jmaize poly(A) + RNA was enriched by oiigo(dT) chromatography. Total tobacco RNA or maize poly(A)+ RNA was separated on formaldehyde-agarose gels (1.2%); to visualize nucleic acids, 2 mg of ethidium bromide was added to each sample before loading. After transfer to nitrocellulose filters, the filters were hybridized overnight at 42% , DNA Preparatlon and DNA Gel Blot Analysls Tobacco DNA preparation followed the protocol of Brandstadter et al. (1993) . Maize DNA was prepared from recombinant inbred plants, according to Saghai-Maroof et al. (1984) . Tobacco DNA was cleaved with EcoRl endonuclease (for maize restriction fragment length polymorphism mapping, BamHI), separated on an OBO/o agarose gel, and blotted to Hybond N membranes (Amersham). The tobacco filters were probed with the ZmHoxla or ZmHoxlb open reading frames, respectively. The probes used for restriction fragment length polymorphism mapping were derived from the 3' untranslated regions of both genes. Labeling with phosphorus-32 was performed by random priming; hybridizations were performed in 5 x SSPE, 5 x Denhardt's solution, 0.50/0 SDS, and 250 mglmL of calf thymus DNA at 68OC, with washing at 68OC in 0.2 x SSPE, and 0.1% SDS. Cell 72, 85-95. Brandstadter, J., Rossbach, C, and Theres, K. (1993) . The pattern of histone H4 expression in the tomato shoot apex changes during development. Planta 192, [69] [70] [71] [72] [73] [74] 
